Introduction

In th is p roject w e te sted th e in h ib ito r y e ffe c ts o f D L -p h osp h in oth ricin
PPT was initially isolated from a trip e p tid e a n ti biotic [1] , w hich is produced by a species o f Streptomyces (S. viridochromogenes). T he co m pound is a potent com petitive inhibitor o f glutam ine synthetase o f Escherichia coli and Pisum sativum [2] 
Materials and Methods
Growth conditions
Plants o f Sinapis alba (m u stard plants) w ere grown in expanded (b u rn t) clay w ith H oagland solution. They were illu m in ated in a 16:8 h lightdark regim e by fluorescent tubes (O sram L, 1 1 5 W /2 5 S a) w ith photo sy n th etically active r a d ia tion of about 11 W x rcT2. T he te m p e ra tu re was 21 °C and the relative h u m id ity ab o u t 75%.
Chemicals
Chemical structure o f PTT: A m m onia was determ ined w ith the m e th o d described by W eatherburn [5] . T he d e te rm in a tio n o f the C 0 2 fixation in single leaves was p erfo rm ed with an infra-red gas analyzer u n d e r controlled conditions while the leaves were still attach ed to th e intact plant [6 , 7] , 
Results and Discussion
The activity o f n itrate reductase, n itrite reductase, the ferredoxin-dependent glutam ate synthase and the NAD-linked glutam ate dehydrogenase w as not influenced by PPT and MSO. To som e extent M SO inhibited the pyridine-nucleotide d e p e n d en t g lu ta m ate synthase in root tissue (T able I). PPT and MSO, however, w ere potent in h ib ito rs o f g lu ta m in e synthetase. The activity o f the le a f enzym e was reduced by 50% at 10 -4 m P PT (p l50 = 4) and 6 .5 x 10~3 M MSO (PI50 = 2.2), w hereas the 50% inhibition of the root enzyme was p erfo rm ed at 2 x 10" 5 M PPT (pI5o = 4.7) and 8x10" 4 m M SO (p l50 = 3 .1 ), respectively ( Fig. 1) .
The kinetics o f the inh ib itio n o f g lu ta m in e synthetase by PPT and MSO w ere determ in ed . A t low concentrations b oth com pounds w ere co m petitive inhibitors w ith respect to glutam ate. A K x Table I value o f about 0.03 m M for PPT was determ in ed for the leaf enzyme. T he K\ value for M SO was ab o u t ten tim es higher. T he K j values o b tain ed for the root enzyme, how ever, w ere 2 pM for PPT and 70 pM for MSO (Fig. 2) . The K m value for glutam ate o f the root enzym e was 5.2 m M , w hereas the leaf enzym e did not show norm al kinetics. T herefore, we are now looking w hether there are two isoform s o f glutam ine syn thetase in the leaves o f m ustard plants. F u rth e r more, we found evidence th at the glutam ine syn thetase in the root and in the le af tissues was irre versibly inhibited by PPT and M SO w hen th e enzyme was not fully saturated w ith its substrates. That m ight cause the upw ard slope at low g lu ta m ine concentrations in the L inew eaver-B urk plots.
Plants m ake use o f inorganically bo u n d nitrogen; that is, they are autotrophic in respect to nitrogen as well as to carbon. N itrogen is taken up from the soil as nitrate or am m onia. The n itrate taken up is reduced by the nitrate reductase and n itrite re ductase to am m onia before the nitrogen is incoporated into organic m atter. But am m o n ia also arises from internal sources o f m etabolism , e.g. asparagine, arginine, glycine or phenylalanine. Thus, am m onia assim ilation takes place in d ifferen t tissues often at higher rates than th a t o f N red u c tion. For exam ple am m onia release from glycine during photorespiration m ay reach values w hich are several tim es higher than the calculated rate o f net am m onia assim ilation [8 ] , A m m onia is an im p o rta n t link betw een catabolic and anabolic processes and released and reassim ilated in large am ounts at different processes in the plant m etabolism . R e g ard less o f the origin, how ever, it is essential th a t th e am m onia is rapidly converted into a form w hich is not toxic for the organism .
Until 1970 glutam ate dehydrogenase was co n sidered to be the m ajor enzym e involved in a m m onia assim ilation in all organism s. N ow adays it is generally accepted that am m onia incorp o ratio n into organic com pounds occurs via the glu tam in e synthetase-glutam ate synthase pathw ay. This m ay be characteristic of all plant groups w ith the exception o f most fungi [9] . G lutam ine synthetase and g lu ta m ate synthase are able to cooperate to form the glutam ate synthase cycle. The crucial point o f this pathway is that glutam ate is both acceptor and product of am m onia assim ilation. G lu ta m in e and glutam ate are the prim ary products o f inorganic MSO has been used in a n u m b er o f studies to dem onstrate the fo rm atio n o f am m o n ia w hen it is applied to plant tissues. M SO trea tm e n t bro u g h t about an increase in th e am m onia co n ten t o f all species studied [10] . T he release o f am m o n ia has been taken as one evidence that g lu tam in e syn thetase is the first enzym e operating in am m o n ia assim ilation. In the presence o f A T P th e MSO becomes tightly bound to th e enzym e in th e form o f M SO -phosphate and can only be rem oved by h ea t ing it up to 100 0 C [ 11, 12] .
This investigation w ith m ustard g lu tam in e syn thetase how ever, clearly shows th at PPT is an exceptionally specific and m uch b etter in h ib ito r than MSO, particularly as a m ixture o f the two isomers was applied in th e tests. F u rth e rm o re , the root glutam ine synthetase differs m ark ed ly from the enzyme in the leaves w ith regard to its activity. The K m value for g lu tam ate as well as th e K l value for PPT w ere essentially low er for the root enzyme. Studies on the tem p eratu re d ependence also ex hibited a clear difference. The leaf enzym e show ed a tem perature o p tim u m at 37 °C , co m p ared to 48 °C for the root enzyme.
Concerning glutam ine synthetase, recent studies confirm ed the existence o f tw o d ifferen t isoform s in the leaf cells o f m ost h ig h er plants [13, 14] . T he first isoform, nam ed G S ]? was detected in th e cytosol. The second isoform , called G S 2, is lo cated in the chloroplasts and is specific for am m o n ia assim ila tion inside the plastids. The two form s o f the enzyme, how ever, have not been se p arated from m ustard leaves.
Leason et al. [2] o b tain ed a K\ value for PPT o f 0.073 m M for pea leaf g lu tam in e synthetase, w hereas for the Escherichia coli enzym e a value o f 0.0059 m M was determ ined [1] , Studies with phosphorylated derivatives o f glutam ate detected m ajor differences between the affinity o f the p ro k ary o tic and eukaryotic enzym e for various in h ib ito rs suggesting a possible difference in th e action o f th e active site o f the two groups o f enzym es [15] . PPT treatm ent o f plants caused a high am m o n ia accum ulation in the tissues (Fig. 3) . Som e o f th e am m onia produced was released into the air. T he accum ulation was light dependent. T he am m o n ia content did not continue to increase d u rin g a d ark period. There may be th ree m ajo r po ten tial sources for the am m onia: nitrogen assim ilation, ca tab o lic processes o f nitrogen com pounds and the conversion o f glycine to serine occurring du rin g p h o to re sp ira tion. In the C 2 pathw ay o f p h o to resp ira tio n , th e glycine decarboxylase reaction produces not only C 0 2, but also an equivalent q u an tity o f am m o n ia. Photorespiration is prom oted by high co n c en tra tions o f 0 2, and low concentrations o f C 0 2, and inhibited by the reciprocal conditions. In o rd e r to study the role of p h o to resp iratio n we co m p ared the fresh weight the accum ulation o f am m o n ia was strongly accelerated in leaves p erfo rm in g p h o to respiration. T herefore we m ay conclude th a t the recycling o f am m onia via the g lu tam in e synthetaseglutam ate pathw ay was in h ib ited by th e P T T tre a t ment. Then w ith increasing concen tratio n s o f am m onia it seems to be likely th a t the reg en eratio n o f glutam ate as am ino donor for glycine synthesis could be perform ed by ano th er pathw ay.
PPT induced a strong reduction o f light sa tu ra te d C 0 2 assim ilation, too (Fig. 4) . U n d er con d itio n s o f suppressed p h otorespiration -high C 0 2 and low 0 2 concentrations -the PPT induced in h ib itio n seem s to be retarded. These observations suggest th a t th e am m onia accum ulation in the cells causes the decline o f the photosynthetic rate. T he am m o n ia levels attained exceed those know n to depress photosynthesis by uncoupling o f p h o to p h o sp h o ry la tion. The killing o f the plants by the ap p lica tio n o f PPT, however, does not ap p ear to be caused by th e inhibition o f photosynthesis.
